We report the influence of the AlN interlayer thickness (0-15 nm) on the photovoltaic properties of Al0.37In0.63N on Si heterojunction solar cells deposited by radio frequency sputtering. The poor junction band alignment and the presence of a 2-3 nm thick amorphous layer at the interface mitigates the response in devices fabricated by direct deposition of n-AlInN on p-Si(111). Adding a 4-nm-thick AlN buffer layer improves the AlInN crystalline quality and the interface alignment leading to devices with a conversion efficiency of 1.5% under 1-sun AM1.5G illumination. For thicker buffers the performance lessens due to inefficient tunnel transport through the AlN. These results demonstrate the feasibility of using In-rich AlInN alloys deposited by radio frequency sputtering as novel electron-selective contacts to Si-heterojunction solar cells.
III-nitride semiconductors are promising materials for novel electron-selective contacts to p-type silicon heterojunction solar cells [1] due to the continuous tunability of their direct bandgap within the solar spectrum from the ultraviolet (AlN: 6.2 eV) to the near infrared (InN: 0.7 eV) using AlInN and InGaN alloys [2] . Their physical and chemical stability enable them to operate in harsh environments, they show superior resistance to high-energy particle radiation and high thermal stability under solar concentration. Additionally, they are environment-friendly from the production viewpoint.
Structures based on InGaN and InN are responsible for visible to near infrared devices, including InGaN-based photovoltaics [3] . The achievement of high-quality InN has been difficult due to its low dissociation temperature (~500ºC under vacuum) compared to AlN and GaN, decreasing the optimum growth temperature for InN. Radiofrequency (RF) sputtering offers the possibility to deposit InN at low temperature with a reasonable crystalline quality, although it presents higher residual carrier concentration (up to 10 21 cm -3 ) [4] . Consequently, bandgap energies around 1.6 eV are found due to the Burstein-Moss effect [5] . RF sputtering is a low-cost technique for the synthesis of large-area nanocrystalline III-nitrides on crystalline and amorphous substrates easy to be scaled to industry. Moreover, it is a simpler growth technique compared to plasmaenhanced chemical vapor deposition, usually used for standard amorphous/crystalline Si heterojunction devices. sun AM1.5G illumination, leading to a conversion efficiency of 1.1% [6] . They claimed that this value was limited by the series resistance due to interfacial defects and/or a bad band alignment.
The successful fabrication of high-quality AlInN on Si heterojunctions requires proper control of some issues to reduce shunt pathways and recombination centers, such as the improvement of the alloy crystalline quality and the reduction of carrier recombination at the AlInN/Si interface. Polarization effects are also critical in IIInitrides since can produce band bending and barriers, thus degrading the collection efficiency.
We have previous experience on the growth In-rich AlxIn1-xN (x = 0−0.39) on sapphire [7] and Si(111) [8] , with a bandgap energy of 1.7−2.1 eV. However, the lack of substrates for homoepitaxial growth forces the introduction of a buffer to improve the quality of the nitride film on Si. This buffer accommodates the lattice mismatch between both films reducing the accumulated stress and helping the nucleation.
Different layers have been used as buffer to improve the crystalline quality of InN and AlInN, being the most frequently used low-growth rate InN [9] , GaN and AlN [10, 11] .
Here we address the effect of inserting an AlN interlayer (thickness of 0-15 nm) on the material quality and electrical properties of n-Al0.37In0.63N on p-Si(111) heterojunctions deposited by RF magnetron sputtering. [8] . The AlInN is 80 nm thick, while the insulating AlN buffer thickness (d) was varied nominally from 0 to 15 nm (see Table I ). Samples under study are The band diagram simulation of these structures was performed using the nextnano annealed for 5 min in nitrogen atmosphere at 550°C [14] . N-and p-contact resistivities of 5 mΩ·cm 2 and 6 Ω·cm 2 were obtained from transmission line method measurements.
A schematic description of the AlInN/AlN/Si solar cell structure with a top-view optical microscopy image of a device with 1×1 mm 2 mesa is presented in Fig. 1(a) . Table I , we observe that [10] . It has to be noted that in these structures the AlN and AlInN layers were respectively deposited in RF and DC mode, and own higher Al content (46-57%).
These low values of Voc (< 350 mV), Jsc (< 23 mA/cm 2 ) and FF (< 20%) occur due to the pronounced S-shape of the illuminated J-V curves. Other research groups have reported similar S-shape features in AlInN/Si junctions [6] , InGaN/GaN multiplequantum well solar cells [15] and MoOx/n-type c-Si devices [16] The EQE and IQE curves of the devices are displayed in Fig. 4(a) . The EQE presents a peak in the visible spectral range above the AlInN bandgap energy followed by a flat photoresponse in the near infrared range with a cutoff around 1100 nm related to the Si band edge. EQE and IQE values at 560 nm are summarized in Table I . For devices without buffer (S1), the peak EQE is reduced (27% at 490 nm) due to the poor band alignment of the conduction and valence band edges at the heterointerface as displayed in the band diagram simulations of Fig. 4(b) .
Best results in terms of EQE and IQE are achieved for sample S2 with d = 4 nm, which shows the highest EQE = 44% and IQE = 53% at 560 nm. This improvement can be due to (i) the improved structural quality of the AlInN layer, and (ii) the higher separation energy between the conduction and valence band edges at the Si interface thanks to the introduction of the AlN, that compensates the polarization-induced charges at the interface and thus the internal electric field. As depicted in Fig. 4(b) , in a pure AlInN/Si interface, these internal fields would drift the photogenerated carriers towards the heterojunction, thus reducing the carrier collection through the contacts. In the case of sample S2, the AlN buffer is thin enough to permit the tunnel transport 9 through it [17] . However, for thicker buffers the number of collected carriers is reduced due to inefficient transport through the AlN barrier for both electrons and holes, in agreement with the band profile of the samples shown in the inset of Fig. 4(b) . In fact, the EQE drops at 560 nm to a value of 5% and 0.10% for S3 and S4, respectively.
To investigate the origin of the S-shape in the illuminated J-V curves, EQE 
